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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a coating liquid for an organic dye -containing photocatalyst film containing 
an organic dye, for verifying, during coating of a photocatalyst film coating liquid onto a substrate, whether film formation 
has occurred, and whether the transparent photocatalyst film so formed has photocatalytic ability; and to a coating 
method employing this coating liquid. 

BACKGROUND ART 

[0002] Recently, there have been attempts to use photocatalysts to decompose, purify or sterilize toxic substances, 
foul odor components, oils, and the like produced in the everyday life environment, and the range of application of pho- 
tocatalysts is expanding rapidly. To utilize such photocatalytic functionalities, the photocatalyst is typically employed, for 
example, by applying it to a surface of a substrate such as glass. In many cases, photocatalyst film coating liquids and 
coating methods that make losses in cosmetic properties of substrate surfaces cause product value to decline, and are 
therefore deemed unsuitable. For this reason, many photocatalyst film coating liquids are transparent photocatalyst film 
coating liquids that form transparent photocatalyst films after film formation. 

[0003] On the other hand, there are also rare photocatalyst film coatings that have been colored by means of 
organic polymers added as binders to photocatalyst film coating liquids. Even in such a case, since virtually all photo- 
catalyst film coating liquids are heated as a condition of film formation, the undesired color disappears during the film 
formation under heat in most cases. The thickness of such photocatalyst film is typically about 0.1-2.0 jam. In the case 
of a transparent photocatalyst film, it is very difficult to verify whether or not film formation has occurred. The only 
method for strict verification of whether or not film formation has occurred is an inspection with a surface microstructure 
analysis device such as an electron microscope, etc., but an inspection over the entire face of the photocatalyst coated 
face is not possible. One known method for verifying whether a formed transparent photocatalyst film has photocatalytic 
ability involves the application of an organic dye to the photocatalyst film surface and the determination on the basis of 
the disappearance of the color thereof. However, this method has a problem that it is not possible to distinguish whether 
film formation was incomplete or whether there was a defect with photocatalytic ability subsequent to film formation. 
[0004] Particularly when the material targeted for formation of a photocatalyst film is located outdoors, such as a 
structure, environmental construction, or civil engineering construction, or in the case of heavy machines that are diffi- 
cult to move or to heat up, it is necessary to perform the coating of the photocatalyst film on-site, whereby for enforce- 
ment management reasons it is not easy to verify the film formation or verify the photocatalytic ability. Even with the 
method of applying an organic dye after the coating of the photocatalyst in order to verify the photocatalytic ability, there 
is an economic problem associated with the increased number of steps, as well as the fact that even application of the 
organic dye over a work site in a large application area is not realistic. 

DISCLOSURE OF THE INVENTION 

[0005] It is an object of the present invention to provide a photocatalyst film coating liquid and a coating method for 
verifying whether or not film formation has occurred during a coating process of a photocatalyst film coating liquid onto 
a substrate or decomposition-resistant binder layer, and whether the photocatalyst film so formed has photocatalytic 
ability. 

[0006] As regards photocatalyst functionalities, photocatalyst functionalities such as photodecom posing action on 
the surfaces of photocatalyst semiconductor metal fine particles, etc. are utilized; when photocatalysts having such 
functionalities are actually used, it is necessary to form a film on the surface of a substrate such as products and struc- 
tures, environmental constructions, or civil engineering constructions of various kinds, and as it is further desirable for 
the film to keep cosmetic qualities of the substrate surface, there was a need for the photocatalyst coating film and 
underlying decomposition-resistant binder layer to consist of colorless transparent films, and to avoid degradation of the 
substrate or surfaces thereof. Accordingly, many of the various photocatalyst film coating liquids, etc. available commer- 
cially are transparent photocatalyst film coating liquids that are colorless and transparent at film formation; despite the 
importance in terms of quality/enforcement management of verification of film formation for ultra-thin photocatalyst films 
of 1 ^im or thinner that are difficult to verify visually, the importance thereof was not afforded appropriate recognition. 
[0007] In the course of extensive research and development concerning a viable photocatalyst, the inventors rec- 
ognized the importance of the aforementioned problems, conducted painstaking research concerning solution thereof, 
and used transparent photocatalyst film coating liquids of conventional transparent photocatalyst film coating liquids 
into which organic dyes had been incorporated. As a result, they discovered that, during the coating process of a trans- 
parent photocatalyst film coating liquid onto a substrate, it is possible to readily verify whether film formation has 
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occurred and to readily verify whether the transparent photocatalyst film so formed has photocatalytic ability. Further 
^ they made confirmation as to the effects of the organic dyes on transparent photocatalyst films, whereby the present 

invention was perfected. 

[0008] Specifically, the present invention relates to a coating method employing an organic dye-containing photo- 
5 catalyst film coating liquid, comprising the step of coating a photocatalyst film coating liquid containing an organic dye, 
wherein it is possible, when a photocatalyst film coating liquid has been coated onto a substrate, to verify whether film 
formation has occurred, and to verify that the transparent photocatalyst film so formed has photocatalytic ability; a coat- 
ing method employing the aforementioned organic dye-containing photocatalyst film coating liquid, wherein the photo- 
catalyst film coating liquid is a transparent photocatalyst film coating liquid that forms a transparent photocatalyst film 
10 after film formation; a coating method employing the aforementioned organic dye-containing photocatalyst film coating 
liquid, wherein the photocatalyst film coating liquid is coated onto an underlying coated decomposition-resistant binder 
layer; a coating method employing the aforementioned organic dye-containing photocatalyst film coating liquid, wherein 
the organic dye is an organic dye whose molecule comprises a metallic element; a coating method employing the afore- 
mentioned organic dye-containing photocatalyst film coating liquid, wherein the organic dye is one or more organic dyes 
15 selected from azo, phthalocyanine, and metal complex-containing condensed polycyclic dyes and pigments; and a 
coating method employing the aforementioned organic dye-containing photocatalyst film coating liquid, wherein the 
organic dye is used together with one or more additives selected from dispersants, moisture conditioners, and thicken- 
ers. 

[0009] The present invention further relates to a coating method employing an organic dye-containing decomposi- 
20 tion-resistant binder coating liquid, comprising the steps of coating a decomposition- resistant binder coating liquid con- 
taining an organic dye onto a substrate as an underlayer; and coating thereover a photocatalyst film coating liquid, 
wherein it is possible when a decomposition-resistant binder coating liquid has been coated onto a substrate to verify 
whether film formation of the binder layer has occurred, and whether the photocatalyst film formed thereon by a photo- 
catalyst film coating liquid has photocatalytic ability; a coating method employing the aforementioned organic dye-con- 
25 taining decomposition -resistant binder coating liquid, wherein the photocatalyst film coating liquid is a transparent 
photocatalyst film coating liquid for forming a transparent photocatalyst film after film formation; a coating method 
employing the aforementioned organic dye-containing decomposition-resistant binder coating liquid, wherein the 
organic dye is one or more organic dyes selected from azo, phthalocyanine, and metal complex-containing condensed 
polycyclic dyes and pigments; and a coating method employing the aforementioned organic dye-containing decompo- 
se sition-resistant binder coating liquid, wherein the organic dye is used together with one or more additives selected from 
dispersants, moisture conditioners, and thickeners. 

[0010] The present invention still further relates to an organic dye-containing photocatalyst film coating liquid con- 
taining an organic dye, wherein it is possible during coating of a photocatalyst film coating liquid onto a substrate to ver- 
ify whether film formation has occurred, and to verify whether the transparent photocatalyst film so formed has 

35 photocatalytic ability; the aforementioned organic dye-containing photocatalyst film coating liquid, wherein the photo- 
catalyst film coating liquid is a transparent photocatalyst film coating liquid that forms a transparent photocatalyst film 
after film formation; the aforementioned organic dye -containing photocatalyst film coating liquid, wherein the transpar- 
ent photocatalyst film coating liqufd is a transparent photocatalyst film coating liquid comprising an amorphous titanium 
peroxide sol and an anatase titanium oxide sol; the aforementioned organic dye-containing photocatalyst film coating 

40 liquid, wherein the organic dye is an organic dye whose molecule comprises a metallic element; the aforementioned 
organic dye-containing photocatalyst film coating liquid, wherein the organic dye is one or more organic dyes selected 
from azo, phthalocyanine, and metal complex-containing condensed polycyclic dyes and pigments; and the aforemen- 
tioned organic dye-containing photocatalyst film coating liquid, wherein the organic dye is used together with one or 
more additives selected from dispersants, moisture conditioners, and thickeners. 

45 [0011] The present invention still further relates to a photocatalyst film coating liquid containing an organic com- 
pound whose molecule comprises a metallic element, wherein the photocatalyst film coating liquid has an enhanced 
photocatalytic functional activity and physical strength of the photocatalytic film due to the metallic element of said 
organic compound which decomposes with photoexcitation of the photocatalyst; the aforementioned photocatalyst film 
coating liquid, wherein the organic compound whose molecule comprises a metallic element is an organic dye whose 

so molecule comprises a metallic element; an organic dye-containing decomposition-resistant binder coating liquid con- 
taining an organic dye wherein it is possible, when a decomposition-resistant binder coating liquid has been coated 
onto a substrate, to verify whether film formation of the binder layer has occurred, and whether the photocatalyst film 
formed thereon by a photocatalyst film coating liquid has photocatalytic ability; the aforementioned organic dye-contain- 
ing decomposition-resistant binder coating liquid, wherein the decomposition- resistant binder coating liquid is a coating 

55 liquid capable of forming a transparent decomposition-resistant binder layer after film formation; the aforementioned 
organic dye-containing decomposition-resistant binder coating liquid, wherein the decomposition-resistant binder coat- 
ing liquid is an amorphous titanium peroxide sol; the aforementioned organic dye-containing decomposition-resistant 
binder coating liquid, wherein the organic dye is one or more organic dyes selected from azo, phthalocyanine, and metal 
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complex-containing condensed polycyclic dyes and pigments; and the aforementioned organic dye-containing decom- 
| position-resistant binder coating liquid, wherein the organic dye is used together with one or more additives selected 

from dispersants, moisture conditioners, and thickeners. 

[0012] The present invention still further relates to substrates, fixtures, and constructions coated with photocatalyst 

5 films by the aforementioned coating methods. 

[0013] Examples of materials for substrates in the invention are ceramics, glass, and other inorganic materials, 
plastics, rubber, wood, paper, and other organic materials, aluminum, steel, and other metallic materials. The size and 
shape of the substrate in the present invention are not limited and may be of tabular, film, honeycomb, fiber, filter sheet, 
bead, or foamed configuration, or some integrated form thereof. As regards the application form of the substrates in the 

10 present invention, any form permitting use of a photocatalyst, such as various products, parts, etc., is acceptable, 
examples being tiles, windowpanes, blocks, unit baths, illumination and other fixtures, as well as exterior walls, roofs, 
pillars, windows, traffic signals, and other constructions, as well as bodies and interior walls of automobiles, electric 
trains, jets, cranes, and other heavy transport equipment. 

[0014] For acrylonitrile resins, vinyl chloride resin, polycarbonate resins, methyl methacrylate resins (acrylic res- 
15 ins), polyester resins, polyurethane resins, and other such organic polymer material substrates, and coating face sur- 
faces comprising these organic polymer materials, on which the substrate and surface material thereof are subjected 
to decomposing action by photocatalytic ability, it is preferable to provide an underlayer of a decomposition-resistant 
binder layer between the substrate or coated face and the photocatalyst film. 

[0015] As the photocatalyst film coating liquid in the present invention, it is possible to use any of the conventionally 
20 known photocatalyst film coating liquids; in preferred practice, however, it will be a transparent photocatalyst film coat- 
ing liquid capable of forming a transparent photocatalyst film after film formation. An example of such a transparent pho- 
tocatalyst film coating liquid is a suspension containing, for example, photocatalyst semiconductor metal particles and 
a binder; of these, a transparent photocatalyst film coating liquid capable of film formation at normal temperature-120°C 
is preferred. Where a film formation requires heating up to a high temperature, for example, to 300-500°C, it is neces- 
25 sary to use organic dyes that will not decompose or discolor at such temperatures, so that range of organic dyes that 
can be used is limited. 

[0016] Examples of the photocatalyst semiconductor in the aforementioned photocatalyst film coating liquid are 
Ti0 2 , ZnO, SrTi0 3 , CdS, CdO, CaR InR ln 2 0 3 , CaAs, BaTi0 3 , K 2 Nb0 3 , Fe 2 0 3 , Ta 2 0 5 , W0 3 , Sa0 2 , Bi 2 0 3 , NiO, Cu 2 0, 
SiC, Si0 2 , MoS 2 , MoS 3 , InPb, Ru0 2 , Ce0 2l and other substances having photocatalyst action; of these, titanium diox- 
30 ide Ti0 2 is preferred; materials having photocatalytic ability are used in forms of sol, fine powder, or fine particle approx- 
imately 0.001-20 ujn in particle diameter. Examples of these materials having photocatalytic ability are the 
commercially available ST-01 (manufactured by Ishihara Techno KK), ST-31 (manufactured by Ishihara Techno KK), 
anatase titanium oxide sol TAK70 (manufactured by TAO Inc.), and the like. 

[0017] A specific example of a preferred transparent photocatalyst film coating liquid is a liquid mixture of an amor- 
35 phous titanium peroxide sol and an anatase titanium oxide sol. The amorphous titanium peroxide sol may be prepared 
as follows, for example. To an aqueous solution of a titanium salt, such as titanium tetrachloride TiCI 4 , is added ammo- 
nia water or an alkali hydroxide, such as sodium hydroxide, and a reaction is brought at pH 6-7. The resultant faint bluish 
white amorphous titanium hydroxide Ti(OH) 4 (also referred to as orthotitanic acid H 4 Ti0 4 ) is washed/separated, then 
treated with an aqueous hydrogen peroxide solution to give an aqueous solution of amorphous titanium peroxide. This 
40 amorphous titanium peroxide aqueous solution is amorphous at normal temperature and is not yet crystallized into ana- 
tase titanium oxide, and contains ultrafine particles, giving it high adhesion, high film forming properties, and an ability 
to produce a uniform flat thin film, as well as the property that the dry coating film does not dissolve in water. The ana- 
tase titanium oxide sol can be prepared by heating the aforementioned amorphous titanium peroxide sol for several 
hours at 100°C or above. 

45 [0018] The decomposition-resistant binder coating liquid used in the present invention can be any one capable of 
protecting the substrate from the decomposing action of the photocatalyst, and of bonding the substrate with the pho- 
tocatalyst layer; besides the amorphous titanium peroxide sol mentioned earlier, other examples are coating liquids 
containing water glass, colloidal silica, polyorganosiloxane, and other silicon compounds, zinc phosphate, aluminum 
phosphate, and other phosphates, biphosphates, cement, and other inorganic binders, as well as fluoropolymers, sili- 

50 cone polymers, and other organic binders, as disclosed in JP(A) 7-171408. Of these decomposition-resistant binder 
coating liquids, those that, like the aforementioned amorphous titanium peroxide sol, are transparent after coating are 
preferred. 

[0019] The organic dyes used in the present invention can be any one capable of decomposing and losing color 
due to the photocatalyst. Examples are organic pigments and natural or synthetic dyes. Of these, water soluble and 
55 highly stable pigments and dyes, for example, azo dyes, particularly metal salt mordant azo dyes, metal complex azo 
dyes, basic azo dyes, phthalocyanine pigments, and metal complex-containing condensed polycyclic dyes or pigments, 
such as porphyrin-based natural dye derivatives are preferred. These are decomposed solely by oxidative decompos- 
ing action of the photocatalysts, and not only make them suitable for verifying photocatalytic ability, but also enhance 
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photocatalytic activity. 

[0020] As the organic dyes used in the present invention, including the aforementioned azo, phthalocyanine, and 
metal complex-containing condensed polycyclic dyes and pigments, the use of organic dyes whose molecule contains 
a metallic element, such as chromium, copper, calcium, cobalt, iron, aluminum, strontium is preferred. For example, 

5 metal atom-containing phthalocyanine pigments in which two central hydrogen atoms of the phthalocyanine are substi- 
tuted by a metal include those with a strong ionic bonding component (Na, K, Ca f Be, Ca, Ba, Cd r Mg, etc.) and those 
with a strong covalent bonding component (Cu, Ni, Zn, Cr, Co, Al, Pt, Fe, V. etc.). Where the organic dye molecule con- 
tains a metallic element, the organic dye is decomposed by photocatalytic ability, as a result of which the metal element 
remains as an oxide or ion, effectively functioning as an electron-capturing metal for promoting and assisting the pho- 

io tocatalytic reaction, thus simultaneously increasing photocatalytic ability and increasing the physical strength of the 
photocatalyst film. 

[0021] In the present invention, when an organic dye is used, one or more additives selected from dispersants, 
moisture conditioners and thickeners may be used together therewith. In a preferred practice, such additives contain 
metallic compounds, such as calcium carbonate; those containing various electron-capturing metals are also advanta- 
75 geous for use. 

[0022] As noted above, incorporation of the organic dyes into the photocatalyst film coating liquid or the decompo- 
sition-resistant binder coating liquid is preferably accomplished through uniform dispersion of the organic dye using a 
suitable dispersant. For example, where commercially available pigments, etc. are used, a recommended method of 
use thereof may be as follows. Generally, dispersants (solvents) for organic dyes include ethyl alcohol, propyl alcohol, 
20 and other alcohols, ethyl acetate and other esters, methyl ethyl ketone and other ketones, toluene, xylene, and other 
aromatic solvents, and nonionic surfactants. 

[0023] When compounding the organic dye and the photocatalyst film coating liquid, the proportions thereof may 
be selected appropriately so as to give coloring to an extent such that it is possible to verify whether film formation has 
occurred, and so as to give decoloring to an extent such that photocatalytic ability on the part of the formed transparent 
25 photocatalyst film may be verified quickly. The organic dye-containing photocatalyst film coating liquid of the present 
invention, prepared by combining the organic dye and the photocatalyst film coating liquid, can be stored in as-prepared 
in a colored state under non-photoexcitation conditions. 

[0024] When compounding the organic dye and the decomposition-resistant binder coating liquid, the proportions 
thereof may be selected appropriately so as to give coloring to an extent such that it is possible to verify whether film 

30 formation of the decomposition -resistant binder layer has occurred, and so as to give decoloring to an extent such that 
photocatalytic ability on the part of the formed transparent photocatalyst film may be verified quickly. The organic dye- 
containing decomposition-resistant binder coating liquid of the present invention, prepared by combining the organic 
dye and the decomposition-resistant binder coating liquid, can be stored in as-prepared in a colored state. 
[0025] During coating onto a substrate of the organic dye-containing photocatalyst film coating liquid of the present 

35 invention containing the organic dye, or during coating onto a substrate of the organic dye-containing decomposition- 
resistant binder coating liquid of the present invention containing the organic dye, it is possible to ascertain whether film 
formation has occurred through visual verification of coloring by the organic dye. It is also possible to ascertain whether 
the transparent photocatalyst film which has formed has photocatalytic ability through visual verification of decoloring 
of the photocatalyst film or decomposition-resistant binder layer. 

40 [0026] Where it is necessary to verify decoloration in a short time, a colorimeter may be used to measure the 
change in the extent of discoloration before and after irradiation, namely, the color difference (AE*ab). The color differ- 
ence (AE*ab) is obtained by first calculating the difference in lightness (AL*), the difference in red-green system color 
tone (Aa*), and the difference in brown-blue system color tone (Ab*), before and after irradiation, then taking the square 
root of the sum of squares of (AL*), (Aa*), and (Ab*). For example, a large (AE*ab) value indicates greater fading of the 

45 photocatalyst before and after irradiation. Setting of decoloration time with reference to a particular object, such as the 
need to verify decoloration in a short time, may be accomplished by selecting organic dyes that are readily decomposed 
by photocatalysts, or by manipulating the amount of organic dye incorporated. 

BEST MODE FOR CARRYING OUT THE INVENTION 

50 

[0027] The invention is described in greater detail through examples. However, the technical scope of the invention 
is not limited to these examples. 

EXAMPLE 1 

55 

(Preparation of organic dye-containing photocatalyst film coating liquid) 

[0028] A mixture of equal amounts of 0.85% (on dry solids basis) amorphous titanium peroxide solution TK100 
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(manufactured by TAO Inc.) and 0.85% (on dry solids basis) anatase titanium oxide sol TA100 (manufactured by TAO 
Inc.) was used as a transparent photocatalyst film coating liquid. As organic dyes, the 8 organic dyes indicated by No. 
(1)-(8) in Table 1 (manufactured by Sumika Color) were used in 20-fold dilution. 95 weight parts of the aforementioned 
transparent photocatalyst film coating liquid and 5 weight parts of each 20-fold diluted organic dye were compounded 
5 so that the organic dye was uniform, to prepare transparent photocatalyst film coating liquids containing organic dyes. 
For comparison, a transparent photocatalyst film coating liquid consisting of the aforementioned anatase titanium oxide 
sol without added organic dye was prepared. Of the aforementioned organic dyes Nos. (1)-(8), Nos. (1), (2), (6)-(8) are 
phthalocyanine organic dyes, Nos. (3) and (5) are azo organic dyes, and No. (4) is a nitrosoazo organic dye. 

w , 

Table 1 



No. 


Added organic 
dye 


Contained metal 


Color difference 
(AE'ab) 


Decoloration days 


Film hardness 


0) 


POLLUX BLUE 
PM-B 


Cu 


10.76 


4 days 


>9H 


(2) 


POLLUX BLUE 
PC-AD 


Cu 


10.05 


4 days 


>9H 


(3) 


POLLUX 
BROWN PM-BR 


Cu 


10.47 


3 days 


>9H 


(4) 


LAWN GREEN 


Fe 


9.07 


3 days 


£9H 


(5) 


POLLUX YEL- 
LOW PM-L5G 


Ca 


7.49 


1 day 


;>9H 


(6) 


POLLUX RED 
PC.1T1070 


Ca 


9.65 


1 day 


>9H 


(7) 


POLLUX RED 
PC.1T1071 


Ba 


0.33 


4 days 


>9H 


(8) 


POLLUX RED 
PC.1T1072 


St 


7.96 


3 days 


>9H 


Comparison 






7.85 




6H 



35 

(Film formation by organic dye-containing photocatalyst film coating liquid) 

[0029] These organic dye-containing photocatalyst film coating liquid were coated (coating weight 0.8 g/100 cm 2 ) 
to uniform thickness onto commercially available tiles using spray gun FS-G05-1 with a 0.5 mm-diameter round spray 
40 nozzle manufactured by Meiji Kikai. After drying at normal temperature, heating to 1 00°C was performed with an infra- 
red heating heater to effect film formation. The tile surface on which the film was formed was colored by the respective 
organic dye, enabling ready visual verification of film formation over the entire tile face. 

(Photocataiytic ability test) 

45 

[0030] For the photocataiytic ability tests, irradiation with a black light emitting a 360-380 nm single wavelength was 
carried out for 1 hour at a distance of 10 cm. After that, using a Minolta Camera colorimeter, the respective extent of 
discoloration was checked for color difference (AE*ab). A larger color difference (AE*ab) indicates a greater extent of 
fading on the tile surface before and after irradiation. Results are shown in Table 1 . From the color difference (AE*ab) in 
so Table 1 , it is apparent that organic dyes having Fe, Cu, Ca, or St as contained metal species had the greatest fading, 
with organic dyes containing these metal species being preferred. Also, continuous direct irradiation with direct sunlight 
under clear skies was carried out and the days until decoloration occurred were measured. Decoloration day results are 
given in Table 1 . It is apparent from Table 1 that films having photocataiytic ability decolored in 1 -4 days. 

55 (Photocatalyst film hardness test) 

[0031] Photocatalyst film hardness tests were carried out by rubbing the photocatalyst film on each tile with tips of 
pencils of various hardness. The hardness given by the test is expressed as the hardness of the pencil that leaves no 
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damage: for example, a >9H! means that rubbing with the tip of a 9H pencil leaves no damage. Results are given in Table 
1 . From Table 1 , it'is apparent that, photocatalyst films containing organic dyes including No. (5) whose molecule does 
not contain a metal atom but which contains an additive containing calcium carbonate, had increased physical strength. 

EXAMPLE 2 

(Preparation of organic dye-containing decomposition-resistant binder coating liquid, etc.) 

[0032] 95 weight parts of 0.85 wt% (on solids basis) amorphous titanium peroxide solution (manufactured by TAO 
Inc.) and 5 weight parts of two organic dyes from Sumika Color, indicated as No. (5) and (6) in Table 2, each organic 
dye being diluted 20-fold, were compounded so that the organic dye was uniform, to prepare decomposition-resistant 
binder coating liquids. Organic dye-containing decomposition-resistant binder layers were formed on substrates by a 
method identical to EXAMPLE 1 except that coating amount was 0.4 g/100 cm 2 . The binder layers were then coated 
with a transparent photocatalyst coating liquid of 0.85 wt% (on solids basis) anatase titanium oxide sol (manufactured 
by TAO Inc.) (coating weight 0.8 g/100 cm 2 ), dried at normal temperature, and heated up to 1 00°C with an infrared heat- 
ing heater to effect film formation. 

[0033] For comparison, one with anatase titanium oxide sol coated over a coating layer of amorphous titanium per- 
oxide solution containing no organic dye was used, and a photocatalytic ability test and photocatalyst film hardness test 
were conducted in the same manner as EXAMPLE 1 , except that irradiation time was 45 minutes. Results are given in 
Table 2. From the results in Table 2, it is apparent that colorization of the underlying organic dye-containing decompo- 
sition-resistant binder layers decolorized under the photocatalytic action of the photocatalyst film, and that the color dif- 
ference (AE*ab) values at that time enabled rapid estimates of photocatalytic ability. 



Table 2 



No. 


Added organic dye 


Contained metal 


Color difference 
(AE*ab) 


Decoloration days 


Film hardness 


(5) 


POLLUX YELLOW 
PH-L5G 


Ca 


6.60 


1 day 


>9H 


(6) 


POLLUX RED PC. 
1T1070 


Ca 


10.11 


1 day 


>9H 


Comparison 






7.34 




6H 



INDUSTRIAL APPLICABILITY 



[0034] According to the present invention, through the use of a transparent photocatalyst film coating liquid of an 
organic dye-incorporated transparent photocatalyst film coating liquid, it is now possible during a coating process of a 
transparent photocatalyst film coating liquid performed on outdoor constructions, etc., to readily verify visually whether 
film formation has occurred, and also to readily verify whether the transparent photocatalyst film so formed has photo- 
catalytic ability. By incorporating an organic dye into a decomposition -resistant binder coating liquid, it is now possible 
to readily verify visually whether a decomposition -resistant binder layer has been coated evenly, and also to readily ver- 
ify whether a transparent photocatalyst film formed thereover has photocatalytic ability. By the use of metal atom-con- 
taining organic dyes, the photocatalytic functional activity and the physical strength of the photocatalyst film may be 
improved. 

Claims 

1. A coating method employing an organic dye-containing photocatalyst film coating liquid, comprising the step of: 

coating a photocatalyst film coating liquid containing an organic dye, 

wherein it is possible, when a photocatalyst film coating liquid has been coated onto a substrate, to verify 
whether film formation has occurred, and to verify the transparent photocatalyst film so formed has photocat- 
alytic ability. 

2. The coating method employing an organic dye-containing photocatalyst film coating liquid according to claim 1, 
wherein the photocatalyst film coating liquid is a transparent photocatalyst film coating liquid that forms a transpar- 
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ent photocatalyst film after. film formation. 

3. The coating method employing an organic dye-containing photocatalyst film coating liquid according to claim 1 or 
2, wherein the photocatalyst film coating liquid is coated onto an underlying coated decomposition-resistant binder 
layer. 

4. The coating method employing an organic dye-containing photocatalyst film coating liquid according to any of 
claims 1 to 3, wherein the organic dye is an organic dye whose molecule comprises a metallic element. 

5. The coating method employing an organic dye-containing photocatalyst film coating liquid according to any of 
claims 1 to 3, wherein the organic dye is one or more organic dye(s) selected from azo, phthalocyanine, and metal 
complex-containing condensed polycyclic dyes and pigments. 

6. The coating method employing an organic dye-containing photocatalyst film coating liquid according to any of 
claims 1 to 5, wherein the organic dye is used together with one or more additive(s) selected from dispersants, 
moisture conditioners, and thickeners. 

7. A coating method employing an organic dye-containing decomposition-resistant binder coating liquid, comprising 
the steps of: 

coating a decomposition-resistant binder coating liquid containing an organic dye onto a substrate as an 
underlayer; and 

coating thereover a photocatalyst film coating liquid, wherein it is possible, when a decomposition-resistant 
binder coating liquid has been coated onto a substrate, to verify whether film formation of the binder layer has 
occurred, and whether the photocatalyst film formed thereover by a photocatalyst film coating liquid has pho- 
tocatalytic ability. 

8. The coating method employing an organic dye-containing decomposition-resistant binder coating liquid according 
to claim 7, wherein the photocatalyst film coating liquid is a transparent photocatalyst film coating liquid for forming 
a transparent photocatalyst film after film formation. 

9. The coating method employing an organic dye-containing decomposition-resistant binder coating liquid according 
to claim 7 or 8, wherein the organic dye is one or more organic dye(s) selected from azo, phthalocyanine, and metal 
complex-containing condensed polycyclic dyes and pigments. 

10. The coating method employing an organic dye-containing decomposition-resistant binder coating liquid according 
to any of claims 7 to 9, wherein the organic dye is used together with one or more additive(s) selected from disper- 
sants, moisture conditioners, and thickeners. 

11. An organic dye-containing photocatalyst film coating liquid containing an organic dye, wherein it is possible during 
coating of a photocatalyst film coating liquid onto a substrate to verify whether film formation has occurred, and to 
verify whether the transparent photocatalyst film so formed has photocatalytic ability. 

12. The organic dye-containing photocatalyst film coating liquid according to claim 1 1 , wherein the photocatalyst film 
coating liquid is a transparent photocatalyst film coating liquid that forms a transparent photocatalyst film after film 
formation. 

13. The organic dye-containing photocatalyst film coating liquid according to claim 12, wherein the transparent photo- 
catalyst film coating liquid is a transparent photocatalyst film coating liquid comprising an amorphous titanium per- 
oxide sol and an anatase titanium oxide sol. 

14. The organic dye-containing photocatalyst film coating liquid according to any of claims 11 to 13, wherein the 
organic dye is an organic dye whose molecule comprises a metallic element. 

15. The organic dye-containing photocatalyst film coating liquid according to any of claims 11 to 13, wherein the 
organic dye is one or more organic dye(s) selected from azo, phthalocyanine, and metal complex-containing con- 
densed polycyclic dyes and pigments. 
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16. The organic dye-containing photocatalyst film coating liquid according to any of claims 11 to 15, wherein the 
organic dye is used together with one or more addit'rve(s) selected from dispersants, moisture conditioners, and 
thickeners. 

17. A photocatalyst film coating liquid containing an organic compound whose molecule comprises a metallic element, 
wherein the photocatalyst film coating liquid has an enhanced photocatalytic functional activity and physical 
strength of the photocatalyst film due to the metallic element of said organic compound which decomposes with 
photoexcitation of the photocatalyst. 

18. The photocatalyst film coating liquid according to claim 17, wherein the organic compound whose molecule com- 
prises a metallic element is an organic dye whose molecule comprises a metallic element. 

19. An organic dye-containing decomposition-resistant binder coating liquid containing an organic dye, wherein it is 
possible, when a decomposition-resistant binder coating liquid has been coated onto a substrate, to verify whether 
film formation of the binder layer has occurred, and whether the photocatalyst film formed thereover by a photocat- 
alyst film coating liquid has photocatalytic ability. 

20. The organic dye-containing decomposition-resistant binder coating liquid according to claim 19, wherein the 
decomposition-resistant binder coating liquid is a coating liquid capable of forming a transparent decomposition- 
resistant binder layer after film formation. 

21. The organic dye-containing decomposition-resistant binder coating liquid according to claim 20, wherein the 
decomposition-resistant binder coating liquid is an amorphous titanium peroxide sol. 

22. The organic dye-containing decomposition-resistant binder coating liquid according to any of claims 19 to 21, 
wherein the organic dye is one or more organic dye(s) selected from azo, phthalocyanine, and metal complex-con- 
taining condensed polycyclic dyes and pigments. 

23. The organic dye-containing decomposition-resistant binder coating liquid according to any of claims 19 to 22, 
wherein the organic dye is used together with one or more additive(s) selected from dispersants, moisture condi- 
tioners, and thickeners. 

24. A substrate coated with a photocatalyst film by the coating method according to any of claims 1 to 1 0. 

25. A structure or construction coated with a photocatalyst film by the coating method according to any of claims 1 to 
10. 
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